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A semiconductive ceramic in which the B constant 1s
maintained at about 4000 K or more at elevated temperature
to thereby decrease power consumption, and the B constant
1s lowered less than 4000 K at low temperature so as to avoid
unnecessary increase of resistance; as well as a semicon-
ductive ceramic element using the same. The semiconduc-
tive ceramic 1s formed of a lanthanum cobalt oxide, which
serves as the primary component, and, as a secondary
component, at least one oxide of L1, Na, K, Rb, Cs, Be, Mg,
Ca, Sr, Ba, N1, Cu and Zn. The semiconductive ceramic
clement 1s fabricated through use of the semiconductive
ceramic and an electrode formed thereon.

16 Claims, No Drawings
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SEMICONDUCTIVE CERAMIC AND
SEMICONDUCTIVE CERAMIC ELEMENT
USING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductive
ceramic, more specifically to a semiconductive ceramic
having negative resistance-temperature characteristics. The
present mvention also relates to a semiconductive ceramic
clement making use of the semiconductive ceramic.

2. Background Art

Semiconductive ceramic elements having high resistance
at ambient temperature and negative resistance-temperature
(“NTC”) characteristics by which resistance decreases with
increase of temperature (such an element having NTC
characteristics hereinafter called an “NTC element™) are
known. Through utilization of the NTC characteristics, the
NTC element has been used for various purposes such as the
suppression of rush current, retarding starting of a motor,
and protection of halogen lamps.

For example, a NTC element rush current device sup-
presses overcurrent by absorbing the initial rush current, so
as to prevent destruction of a halogen lamp or a semicon-
ductive element such as an IC or diode due to overcurrent
flowing through a circuit upon the switching-on of the
power, and to prevent a decrease 1n service life of such a
component. Thereafter, the NTC element reaches high tem-
perature through self-heating so that its resistance decreases
and, 1n a steady state, power consumption 1s reduced accord-
ingly.

When current 1s passed through a motor for a gear
mechanism—the motor being designed to be fed with a
lubricating o1l after starting of the motor—so as to rotate the
ogears immediately at a high rotational speed, the gears may
be damaged due to insuilicient supply of the lubricating oil.
Also, m a lapping machine which grinds the surface of a
ceramic through rotation of a grinding stone, the ceramic
may be cracked when the lapping machine 1s rotated at a
high rotational speed upon starting of the drive motor. In
order to avoid these problems, the terminal voltage of the
motor 1s lowered by means of an NTC element, so as to
retard the starting of the motor. Thereafter, the NTC element
comes to have lowered resistance through self-heating, so
that the motor runs normally in a steady state.

As a semiconductive ceramic having NTC characteristics
and constituting these NTC elements, there has been used
spinel composite oxides containing a transition metal ele-
ment such as Mn, Co, N1 or Cu.

Lanthanum cobalt oxides have been reported to have NTC
characteristics such that the B constant has temperature

dependency; that 1s, the B constant increases with increase
of temperature (V. G. Bhide and D. S. Rajoria at al. Phys.
Rev. Bo6, [3], 1072, 1972, etc.).

When an NTC element 1s used for suppression of rush
current, 1t must have a decreased resistance at the elevated
temperature caused by self-heating. However, the conven-
fional semiconductive ceramic using a spinel composite
oxide usually has a tendency that the B constant decreases
as resistance decreases. Therefore, at an elevated tempera-
ture the resistance cannot be sufliciently lowered, with the
result that power consumption 1s not reduced in a steady
state.

Also, 1n a conventional semiconductive ceramic, resis-
tance increases considerably at low temperatures below 0°
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2

C., resulting m a voltage drop which retards the start-up of
an apparatus or machine.

A conventional semiconductive ceramic element making
use of conventional lanthanum cobalt oxide has a B constant
of as high as 6000 K at an elevated temperature. However,
since 1t has a B constant of 4000 K or more at low
temperature, when used as an NTC element for suppression
of rush current, the apparatus or machine to which the
clement 1s incorporated suflers a considerable voltage drop
at low temperature.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention 1s to
provide a semiconductive ceramic in which the B constant
1s maintained at about 4000 K or more at elevated tempera-
ture to thereby decrease power consumption, and the B
constant 1s lowered at sufficiently low temperature so as to
increase resistance more than required to thereby prevent a
voltage drop 1n an apparatus or machine.

Another object of the present invention 1s to provide a
semiconductive ceramic element using the semiconductive
ceramic.

To achieve the above objects, according to a first aspect of
the present invention, there 1s provided a semiconductive
ceramic comprising a lanthanum cobalt oxide as a primary
component, and, as a secondary component, at least one
oxide of an element selected from the group consisting of L,
Na, K, Rb, Cs, Be, Mg, Ca, Sr, Ba, N1, Cu and Zn. With this
composition, the B constant 1s maintained above about 4000
K at an elevated temperature, and thus the resistance of the
semiconductive ceramic 1s lowered, leading to a reduction in
power consumption. At low temperature, on the other hand,
the B constant becomes sutficiently lower so that the resis-
tance of the semiconductive ceramic increases to a proper
level as to prevent an overcurrent from flowing through an
apparatus or machine, to thereby prevent unnecessary
retarding of start-up of the apparatus or machine.

Preferably, the semiconductive ceramic contains the oxide
serving as a secondary component in an amount of about
0.001-1 mol % calculated as the element. Through incor-
poration of the secondary component(s) in such an amount,
the B constant 1s 4000 K or lower at low temperature, to
thereby more effectively mitigate a drastic increase 1n resis-
tance of the semiconductive ceramic.

Preferably, the aforementioned lanthanum cobalt oxide 1s
La CoO; (0.5=x=0.999). With this composition, there can
be obtained a semiconductive ceramic having excellent NTC
characteristics.

Preferably, a portion of La CoO; 1s substituted with at
least one element selected from among Pr, Nd and Sm. With
this substitution, there can be obtained a semiconductive
ceramic having excellent NTC characteristics.

According to a second aspect of the present invention,
there 1s provided a semiconductive ceramic element which
comprises a semiconductive ceramic comprising lanthanum
cobalt oxide as a primary component, and, as a secondary
component, at least one oxide of an element selected from
the group consisting of L1, Na, K, Rb, Cs, Be, Mg, Ca, Sr,
Ba, N1, Cu and Zn; and an electrode formed on the ceramic.
With this structure, the B constant 1s maintained above about
4000 K at elevated temperature, and thus the resistance of
the semiconductive ceramic 1s lowered, leading to lowered
power consumption. Further, the B constant 1s sufficiently
lowered at low temperature, and thus the resistance of the
semiconductive ceramic 1s 1ncreased to a proper level as to
prevent an overcurrent from flowing through an apparatus or
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machine, to thereby prevent unnecessary retarding of start-
up of the apparatus or machine.

Preferably, the semiconductive ceramic contains the oxide
serving as a secondary component in an amount of about
0.001-1 mol % as the element. Through incorporation of the
secondary component 1n such an amount, the B constant is
4000 K or less at low temperature, to thereby more effec-
fively mitigate a drastic increase 1n resistance of the semi-
conductive ceramic.

Preferably, the lanthanum cobalt oxide 1s La _CoO,
(0.500=x=0.999). With this composition, there can be
obtained a semiconductive ceramic element having excel-
lent NTC characteristics.

Preferably, a portion of the atorementioned La CoO; 1s
substituted with at least one element selected from among
Pr, Nd and Sm. With this composition, there can be obtained
a semiconductive ceramic element having excellent NTC
characteristics.

The preferred uses of the semiconductive ceramic element
of the present invention encompass suppression of rush
current, retarding of starting of a motor, protection of
halogen lamps, and use as a temperature-compensated crys-
tal oscillator. When used 1n such applications, the charac-
teristics of the semiconductive ceramic element of the
present mvention are more fully exploited.

DESCRIPTION OF THE INVENTION AND
PREFERRED EMBODIMENTS

Now will be described a process for manufacturing the
semiconductive ceramic of the present mvention and a
semiconductive ceramic element using the ceramic.

First, La_CoO; and Co,0, were provided as starting
materials and weighed so as to adjust the mole ratio of
lanthanum to cobalt as desired, to thereby obtain a powder.
If necessary, some portion of the LLa may be substituted with
a rare earth metal such as Pr, Nd or Sm. Such substitution 1s
conventional 1n the art. Subsequently, at least one element
selected from the group consisting of Li, Na, K, Rb, Cs, Be,
Mg, Ca, Sr, Ba, N1, Cu and Zn was weighed to a predeter-
mined amount 1n the form of, for example, an oxide, and
incorporated mto the powder, to thereby obtain an additive.

The thus-obtained additive was wet-mixed along with
pure water and nylon balls for 24 hours, followed by drying.
The resultant mixture was calcined at 900-1200° C. for two
hours, to thereby obtain a calcined material.

Next, the calcined material was mixed with a binder and
nylon balls. The mixture was subjected to filtration, drying,
and then press-forming 1nto a disk shape, to thereby obtain
a compact.

Sample
No.
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The compact was calcined at 1200-1600° C. for two
hours 1n air, to thereby obtain a semiconductive ceramic.

Subsequently, a silver-palladium paste was applied onto
both surfaces of the semiconductive ceramic, and the semi-
conductive ceramic was baked at 800-1200° C. for five
hours to form external electrodes, to thereby obtain a semi-
conductive ceramic element.

EXAMPLE 1

According to the above-mentioned method, there were
manufactured semiconductive ceramic elements containing
lanthanum cobalt oxide (La, ,,Co0,) as the primary
component, and different types and amounts of secondary
components. The resistivity and B constant of each semi-
conductive ceramic element were measured. The results are
shown 1n Table 1. Data from semiconductive ceramic ele-
ments 1n which a plurality of oxides were employed as
secondary components are shown 1n Table 2. In the Tables,
“0” represents good characteristics with no problems in
practical use, and “A” represents somewhat poor character-
istics but no problems in practical use.

Resistivity (p) was measured at 25° C. B constant repre-
sents the change of resistance induced by the change of
temperature and 1s defined by the following equation,
wherein resistivity p(T) 1s the resistivity at temperature T,
resistivity p(T,) is the resistivity at temperature T, and in is
natural logarithm.

B constant={1np(Ty)-1np(D)}/(1/T~1/T)

As the B constant increases, there 1s an increase 1n the
change of resistance induced by the change of temperature.

According to this equation, the B constants determined in
Example 1, i.e. B(-10” C.) and B(140° C.), are defined as
follows:

lrnp(—10° C.) — 1lrp(25° C.)
1 1
10+273.15 25+ 273.15
lnp(140° C.) — 1rp(25° C.)
1 1
140 +273.15 25 +273.15

B(—10° C.) =

B(140° C.) =

TABLE 1

Resistivity B _constant

Added element P B B

Species

25° C. (-10° C.)  (140° C.)
(€2 - cm) (K) (K)

Amount

(mol %)

Evaluation

Ca
Ca
Ca
Ca
Ca
Ca
Ca
Ca
Ca
Ca

0.0001
0.0005
0.001
0.005
0.01
0.05
0.1

0.5

1

2

15.7
14.8
14.1
13.3
12.6
11.9
11.4
10.8
9.9
7.7

4360
4170
3950
3800
3760
3680
3460
3330
3090
2700

6010
5800
5570
5320
5130
4880
4570
42770
4060
3800

> 0000000k



TABLE 1-continued
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Resistivity B constant
Added element P B B
Sample Amount 25° C. (-10° C.) (140° C.)
No. Species  (mol %) (€2 - cm) (K) (K)
11 Li 0.1 11.7 3510 4590
12 Na 0.1 11.7 3500 4590
13 K 0.1 11.6 3500 4590
14 Rb 0.1 11.4 3470 4570
15 Cs 0.1 11.5 3480 4570
16 Be 0.1 11.4 3460 4580
17 Mg 0.1 11.5 3470 4580
18 St 0.1 11.5 3470 4580
19 Ba 0.1 11.4 3460 4580
20 N1 0.1 11.5 3470 4590
21 Cu 0.1 12 3460 4570
22 Zn 0.1 11 3460 4570
Comparative — 0 17 4410 6270
Example
TABLE 2
Resistivity B _constant
Added element P B B
Sample Amount 25" C. (-10" C.) (140° C.)
No. Species  (mol %) (€2 - cm) (K) (K)
23 Na 0.001 14.0 3920 5500
Mg 0.0005
24 K 0.005 13.1 3790 5260
Zn 0.001
25 Cu 0.01 12.0 3730 5090
N1 0.01
26 Ba 1.0 8.9 27780 3940
Zn 0.5
27 Ca 0.05 11.3 3430 4480
Ba 0.05
Li 0.05
28 St 0.1 10.3 3220 4100
N1 0.1
Mg 0.5

In the semiconductive ceramic elements containing
La, ,,Co00; as the primary component and at least one oxide
of an element selected from the group consisting of Li, Na,
K, Rb, Cs, Be, Mg, Ca, Sr, Ba, N1, Cu and Zn as a secondary
component, as shown 1n Table 1, the B constant is decreased
at low temperature, while the B constant 1s maintained above
4000 K at high temperature.

Moreover, as shown 1n Table 2, even 1n the case where a
plurality of oxides are used as the secondary components, if
the total amount thereof falls within the range from about
0.001 to 1 mol %, the B constant 1s decreased at low
temperature, while the B constant 1s maintained above 4000
K at high temperature.

The reasons why the above-mentioned range provides
advantages 1n the present invention are as follows.

The amount of the secondary component(s) is restricted to
about 0.001 mol % to 1 mol % because when the amount of
the secondary component(s) is less than about 0.001 mol %
as 1n the case of Sample Nos. 1 and 2, the B constant
disadvantageously exceeds 4000 K at low temperature,
whereas when the amount of the secondary component(s) 1s
more than about 1 mol %, the B constant disadvantageously
falls below 4000 K at high temperature.
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EXAMPLE 2

In manner similar to that of Example 1, semiconductive
clements were manufactured by changing the amount x of
lanthanum with respect to that of cobalt in lanthanum cobalt
oxide La CoQO,; serving as the primary component while
fixing the secondary component to Ca and the amount of the
secondary component to 0.01 mol %. The resistivity and B
constant of each semiconductive ceramic clement were
measured. The results are shown 1n Table 3. Similarly, the
results obtained by use of La, M, CoO; (M represents at least
one species selected from among Pr, Nb and Sm), which is
lanthanum cobalt oxide serving as the primary component of
which lanthanum 1s partially substituted with another
element, are shown 1n Table 4. In this case, the amount of La
(i.e., X) was fixed to 0.85, and the amount of substituting
element(s) (i.e., y) was fixed to 0.09. In the Tables, “o”
represents good characteristics with no problems in practical
use, “A” represents somewhat poor characteristics but no

problems 1n practical use, and “x” represents problems in
practical use.
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TABLE 3
Amount Resistivity B constant
of La Added element P B B
Sample X Amount 25" C. (-10° C)  (140° C.)
No. (mol) Species  (mol %) (€ - cm) (K) (K) Evaluation
40 0.4 Ca 0.01 78.1 2680 3870 A
41 0.5 Ca 0.01 40.5 3070 4120 O
42 0.7 Ca 0.01 29.3 3460 4690 O
43 0.9 Ca 0.01 12.8 3740 5110 O
44 0.999 Ca 0.01 13.7 3700 5020 O
45 1 Ca 0.01 21.5 3650 4940 X
15
TABLE 4
Amount _Substituting element Resistivity B constant
of La Amount _ Added element P B B
Sample X y Amount 25°C. (-10° C.) (140° C)

No. (mol)  Species (mol) Species (mol %) (€2 - cm) (K) (K) Evaluation
46 0.85 Pr 0.09 Ca 0.005 13.5 3830 5350 O
47 0.85 Nb 0.09 Ca 0.05 12.0 3700 4880 O
48 0.85 Sm 0.09 Ca 0.5 10.9 3350 4290 O
49 0.85 Pr 0.03 Ca 0.001 14.3 3960 5570 O

Nb 0.06
50 0.85 Nb 0.01 Ca 0.01 12.7 3770 5150 O

Sm 0.08
51 0.85 Pr 0.03 Ca 0.1 11.4 3480 4580 O

Nb 0.03

Sm 0.03

35

As shown 1n Table 3, when the amount of lanthanum, x,
with respect to 1 mol of cobalt contained 1n the primary
component falls in the range of about 0.5-0.999 mol, the B
constant at low temperature can be reduced to less than 4000
K while B constant at high temperature 1s maintained at

4000 K or more.

As shown 1n Table 4, samples 1n which lanthanum 1s
partially substituted with at least one of Pr, Nb and Sm 1n the
above-specified amount range have a B constant at low
temperature be reduced to a lower value while the B constant
at high temperature 1s maintained at about 4000 K or more.

The amount of lanthanum, x, 1s limited to about
0.5-0.999, since, as 1n the case of sample No. 40, the B
constant at high temperature disadvantageously becomes
4000 or less when the amount of lanthanum, X, 1s less than
0.5. In contrast, as 1 the case of sample No. 45 having an
amount of lanthanum of more than 0.999, the B constant
satisfies the conditions of the present invention both at high
temperature and low temperature. However, unreacted lan-
thanum oxide (La,O,) contained in a sintered piece of
semiconductive ceramic reacts with moisture 1n air to result
in expansion and breaking of the ceramic, which 1s disad-
vantageous for use as the element of the present invention.

As described hereinabove, the semiconductive ceramic of
the present 1nvention contains lanthanum cobalt oxide as a
primary component and at least one oxide selected from the
ogroup consisting of oxides of L1, Na, K, Rb, Cs, Be, Mg, Ca,
Sr, Ba, N1, Cu or Zn as a secondary component, and thus
obtains NTC characteristics by which the B constant is
maintained at 4000 K or more at high temperature, while the
B constant at low temperature 1s further decreased.
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Therefore, the semiconductive ceramic enables manufac-
ture of an excellent semiconductive ceramic element (NTC
thermistor element) which has low resistance at high tem-
perature leading to lowered power consumption, and pre-
vents an excessive voltage drop 1n an apparatus or machine
at low temperature.

That 1s, the thus-obtained semiconductive ceramic ele-
ment can be widely used as an element for retarding of
starting of a motor, protection of the drum of a laser printer,
protection of bulbs such as halogen lamps, and elimination
of rush current occurring 1n an apparatus or machine 1n
which an excess current flows at the initial stage of voltage
application as well as rush current occurring 1n a switching,
power, and also can be used as a temperature-compensated
clement for TCXO as well as that for general use, and as a
temperature detection element.

What 1s claimed 1s:

1. A semiconductive ceramic comprising (a) a lanthanum
cobalt oxide as the primary component, and (b) at least one
oxide of an element selected from the group consisting of Li,
Na, K, Rb, Cs, Be, Mg, Ca, Sr, Ba, N1, Cu and Zn, wherein
the oxide (b) is contained in an amount of about 0.001 to
about 1 mol % calculated as said element thereof.

2. A semiconductive ceramic according to claim 1,
wherein the lanthanum cobalt oxide 1s La CoO; and
0.5=x=0.999.

3. A semiconductive ceramic according to claim 2,
wherein a portion of the La of the La_CoO, 1s replaced by
at least one element selected from the group consisting of Pr,
Nd and Sm.

4. A semiconductive ceramic according to claim 1,
wherein the oxide 1s Ca or Cu.
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5. A semiconductive ceramic according to claim 1, con-
taining 2 or 3 of said (b) oxides.

6. A semiconductive ceramic according to claim 1,
wherein the (b) oxide is in an amount of about 0.005-0.9
mol % calculated as said element thereof.

7. A semiconductive ceramic element comprising a semi-
conductive ceramic of claim 1 and an electrode on said
ceramic.

8. A semiconductive ceramic element according to claim
7, wheremn the lanthanum cobalt oxide 1s La CoO; and
0.5=x=0.999.

9. A semiconductive ceramic element according to claim
8, wherein a portion of the La of the La_CoO; 1s replaced by
at least one element selected from the group consisting of Pr,
Nd and Sm.

10. A semiconductive ceramic element according to claim
9, containing the oxide 1s Ca or Cu.

10
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11. A semiconductive ceramic element according to claim
9, containing 2 or 3 of said (b) oxides.

12. A semiconductive ceramic element according to claim
9, wherein the (b) oxide is in an amount of about 0.005-0.9
mol % calculated as said element thereof.

13. A rush current suppressor containing a semiconduc-
five ceramic element according to claim 7.

14. A device for retarding the starting of a motor con-
taining a semiconductive ceramic element according to
claim 7.

15. A device for the protection of halogen lamps contain-
Ing a semiconductive ceramic element according to claim 7.

16. A temperature-compensated crystal oscillator contain-
ing a semiconductive ceramic element according to claim 7.
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